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(54) PROCESS FOR PRODUCING HIGH-LUMINANCE PINK EMITTING DIODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fluorescent 
powder having a wide color control range and used for a 
high-luminance pink emitting diode, and a pink emitting 
diode. 

SOLUTION: The fluorescent powder comprises a powder 
of an yttrium- aluminum-garnet fluorescent material 
represented by the formula: (Y3-x-yZxEuy) AI5012 or 
(Y3ZxEuy)AI5012 [wherein O<x<0.8; 0<y<1.5; and Z is 
selected from the group consisting of rare earth metals 
except europium (Eu)], obtained by using a gelling 
process and a coprecipitation process wherein the 
composition of a metal powder mixture is adjusted. This 
high-luminance pink emitting device has a phosphor 
containing the fluorescent powder. 
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(57) [Kft] («E*) 

(Y 3 .„. y Z,Eu,) AI 5 0 12 X(i^ (Y 3 Z X 
Eu y )Al 5 0 12 (CKxssO. 8. 0<ySl. 5S. 

oz*>'a-Df9A (Eu) u&h<vm±m&!g,frt>%& 
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[19*381] 5£ (Y3.,.,Z r Eu,) A l 5 0 12 X<±i£ 
(Y 3 Z,Eu y )Al 5 O 12 (0<xS0. 8. 0<y^ 
1 - 5jaoZA<i-Dfcr^A ( E u ) iiW<0#±»£JK 

[f9*JS2] BuiEi-nfcr^Al^lO^iJi^JRA^ 
t'JWlCe). 77^Jf-/'A (Pr), ^i^'A 

(Nd), -fvy ^A (Sm). -f/Uh* >7A (Tb ) , 
yX/Dy^A ( D y ) . >7A (Ho), Jt/Pfc* 

W(Er) , (Tm) , -f vf^t'^A (Y 

b ) Xti/lo^*/ A (Lu)Tft4. H^S 1 tcEttJO 

c 19*11 3 ] z A-'-t y •> a x-ft s , m-%m i tct a te«o 

[19*114 ] WE»3e»***, 3 7 0 n m— 4 1 0 n 
mCDte-g&-*IWtXim9mzJ:~>X®mZtlX. 5 8 
5 nm~7 0 0 n mcom^cO^U yyfe-ffejj^^fe 

^ftSrStti-rs . i cea^>-f ~, h y -7at/p$ 

£ . |f*Jg 1 t3EttO>f y h 'J <7AT/U 5 ^Atf— * 

[I9*if 6 ] ( 1 ) ^3t»5(5(f^«OikTWSO^ 

3fcrg£-1fj£gfiW.&C: t, ( 2 ) mflS^J^I-^j^yJclc 
i*-T s yKi£?££f£& i t , ( 3 ) JSS^McOdf U 

- Htmz m&t&miztn*. x . iWE**ss4»*rtirK&. 

«5r=*f I'-Mbf (4 ) ffrfeyjc?§^pHM5: 

li«5LT7Xtt'HxJ: 9 <U -HUCkoTfirE 
TK&SfcfiittfttttC-f S C fc , ( 5 ) flrie?SeJKtfc£& 

»*LTK*=-«-ftii:. (6) mm*i)-m-&zt. 

&mz (7) *^$*utMEJ*£^$-£T, 3Bt»3fc 
5t (Y,.,.,Z,Eu,) A 1 5 0 12 X 
l££ (Y 3 Z,Eu y ) A 1 5 0 12 (0<xs£0. 8. 0< 
y g 1 . 5!OZ fe-Ot^A ( E u ) UWtf>«±» 
9 JUS? £*!•?>) <?M -y hy/AT/US 

[f9*JH7 ] is ( 1 ) Tfieffl^iwawt^ft^fflx 

I f9*Jf 8 ] IS ( 2 ) -Cttffl-f-StfriBfcjWUH * v 

floras. 

[ imm 10] IS ( 4 ) T'^tStaSXtili^iaS^ 

[»*js in is ( 7 ) <of£-c\ «asLJtm»i&* 



[I9*JS 12] ( 1 ) ^^^^^JR^JfC'RfrS^ 

&M£-&iiT 2>*mmt^®zgttRxsm-i&£Lx . 
^*ii^5^s«-r^ ct, ( 2 ) msa&*s£ft«:* 

. *?§?K£f£.|> £ £: , ( 3 ) ffllE*Sffia 
pHffiSrpfi5L-C7X«j'?-^ctO i>*# < U *#itcj: 

->r utii&kmmz y/wc-*-* zt. ( 4 > iuieyvu^» 

fl-UL-CKC-f 5 -h. ( 5 ) fnBRtA»fiW5C: <h . 
MlA'lc ( 6 ) jMSSfiJfcWIBKfc&ttS-ltT. 3Sfefr v * 
Sr-f^^dttr-^tf. s£ (Y 3 .,. y Z x Eu y ) A l 5 O t2 X 
«3C (Y 3 Z»Eu y )Al 5 O 12 (0<x^0. 8, 0< 
y S 1 . 5 loZ^'i-D tf>7 A ( E u ) Vm<rm±m 
A«j6»<5»**»J: ) y h 'J ^AT;l^S 

3 ] is ( i ) TOffl^-6W3efl:^«*«« 

X{±^mfC-^lT-$>S, 19*311 2 CISa<?5*ifcfr£. 

[f**H 14] IS ( 2 ) X'femth W»fcWtt-f * 
>*T'3bl.. ff*ill 2(cie«50*ifc^^„ 

C W*JS 15] IS ( 3 ) -C'^«^SX{±*E^tgS5- 
«fflLT, «IE*JS»e5pHttS:IISi|frs, »««12 

CI9*iI 16] IS ( 6 ) Of&T\ mfld^^ L^«j v * 
Z^zWt-fZ,. I9*ill 2fcffi«<i0*ife*tt. 

[19*11 1 7 ] ^BfcUSi: LT<O^Tffl3eXtt«J^3e« 
3fe^-f*-Ffc. (Y 3 - x - y Z I Eu y ) A 1 5 O l2 X{S 
iC(Y 3 Z l Eu y )Al 5 O 12 (0<xg0. 8, 0<y 
^ 1 . 51-?ZA f a-ot7A ( E u ) J^(-<7)#±i!l^: 

[I9*JI 1 8 ] IBEA-nir^ AJ3W.<o«±jR&jR 
-feU^A (Ce), (Pr), 
A (Nd) , f?y7A (Sm) , f/l't'^A (T 
b) s y'^TnyW (Dy) , ^I^S^A (Ho), 
x;l^b'>7A (Er), 7'J7A (Tm) , 7f/yt">> 
A ( Y b ) X{i/Ur-^>7A (Lu)T»S. 19*31 1 7 

CI9*IS19] Z*<-t'J^A (Ce ) X'hh. W*JS 

i 7 izim<r> X . 

[I9*JS2 0] mtmmmif, 3 7 0 n m-4 1 0 
nm<nm.M<r>^WtXit^\-^mtiit?>, 19*311 7 
(Cf £«c7) £ y ? x > < -< X . 

[ i9*3S 2 1 ] «rEK*»5fo5«r«3ex(i^5et: ct 

oT®J^$itT, 58 5nm-7 0 0nmWS*^l' 
V£/fe-H^7!)^#fe^2-Jfcti5-r-g», 19*111 7 fcE 

[0001 ] 
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[0002] 

jAIjOu : Eu3*SI>'Y 2 0 3 : Eu»*»J:3C. *£e?b 
W*'-*7h (YAG) Jtl2«Ajff«^a»*«: 
frLKtfb. fflW-t&ZttfX'£&-&cr)3clb<7>fflMl l m 

[0003] iot. iJ£OX*>'&^t'y?fe3bfry' 

[0 0 04] 

[«H*»*r4fc»0¥S] #*Ditf>B«tt. (Y 
,. 1 .,Z l Eu,) Al 5 O n Xia ( Y 3 Z, E Uy ) A 1 5 

HfiW-iit-C**. --T\ 0<x=S0. 8. 0<y 
Si. 5 T'£> K> , JLoz Ji^-ob^A ( E u ) fctff-<7) 

[0005] *3fcBli<0fl&<91«{;L iSSf JKb>?fefBt 

- H t , -f y h U ^AT/l-S --7A#-*-y h«3C«^fe 
fc*tf*3fc*£*rr*. ^^T'CC7)^^-K«±3 7 0 
nm~4 1 0nmtf>»*<>»fc*afeaJU Zcofttfmffib 

y b u^ATyws-^A^'-^.y bmtmttmm 

ZtX. 575nm~7 0 0nm<a»*<*)ffi<^£;ft}fJ 

i^— & b y 7 fecoft** 1 7t § tlh . 
[0006] #?&Bj!^fl!J^aW(i, 4 -y h U ^AT;U5 

b^m^mumiwkthztx' 

[00 07] 

f- 'J ^AT/US-^Atf-* y hSt^*. -fCOPglS. 

[0 0 08] * (Yj.^Z.Eu,) A 1 5 O 

12 X{±5t (Y 3 Z,Eu,) A 1 5 0[ 2 (;it0<xg 
0. 8, 0<ySl. 5T"$>9, Zlia-oWA (E 

u ) MW>%i±m&.m*h%hm£ oa«s*L* > *h 

■y h >J ^ATA'S-^Atf-*-/ b&UffiiMZffifh. 



a-of)A (Eu) M?[J)Z<7)%i±&l&mt LXIZ. 
-fe 'J >7A ( C e ) , 77-fe^y'A (Pr), 
(Nd) . tVj^A (Sm) , T-;Ub'<7A (Tb) . 
^7Di">A (Dy ) , rt/b-S^A (Ho) . x/U-t' 
W(Er) . -y'J^A <Tm) . 4 -y^t'^A <Y 

b ) &t^-r?"7 A ( Lu ) ^(mtifp'tn. #f 
4 L < (iZii-fc U «7ATJ5S . *fHBoSKe«*ii. ^ 

-□f-7Al^hO#±^Jg) 

t- y ? feco3t . afetft *K(ci^- %-&saf± £ v vwKa 

J:-3*H»«^ft3e«feW*»4Ci:**T*i. 3 7 

0 nm~4 1 0 nmO»*<^«r«3eX«SI^3t«05BfcS: 
fi= o £ f: 4 *- H t= J: -s T BiiB S 

*»BH<^)«3ieB*ttx 585nm~700n m« 

[0009] *fHB<OSt3C»s|5t±, ffi^*^PS8-rS 
u*:AZmf& -1 1 tfX-% h . Z <7)4*XfflftW&KJ£7 

[ooio] *^o»3e»5iaws^fc»<oy;Ht7^» 
m*&tt&*^Mtisto*timmfi%-m&Lx. & 

*»*fi^fo£»4 di:. ( 2 ) ^*S^!J$:*lc?§(3? 

*^?S5:^4 it, ( 3 ) yKjg^C^a^S^ 
Zrls-bmZMz-X. A^m*X'-§2MZ*\'-Vte?h 
ufc, (4 ) *»«OpHtt£WttL-C7Xtt**U: | 3 

k", ( 5 ) tttt«*SS&4H»$-frTK (ash) (C^-S 

ii. ( 6 ) W.Zfi-ffi.-?& z t . msiz ( 7 ) i-mzti 
fJZ&timZithzt. t-fttr. 
[ 0 0 1 1 ] IS ( 1 ) -CttflH-*ft64M*. ffiBcoa 

^. 

[ 0 0 1 2 3 IS ( 2 ) T'l»i!-r6yMi« : 4 L< lilBM 
5fy*t-fe0, i l 3*9F*L<i±2<WK-<*>'* (second 
ary de- ionized water) "eft's- 

[0013] IS ( 3 ) -C'lsiiflW-S^U- h-fbWtt, 8 
Riiixrz±mt*\s-V*Mfc^bZttfX'Zh&8k?. 
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i o o 1 4 ] ia ( 4 ) T-Ji, *jsss(c«ai*jni , r » 

pHtfMI£7X{±^fli 9 ffi L<ttl OX 

[0015)11(4) Tli. RffMcOJ: o IcII^pH 
(*=«0B«5r{£jl-f 4ik **"C * h . Wi if J»¥ t 

a. 

[ 0 0 1 6 ] IS ( 5 > Ttt, S5»4«T1>&a«*fT3 i 

»as(i:4 o oxiar. mzt£3oo'cx'b&. <§tsn: 

a^BMtfcfitfflUT. XS ( 5 ) <0W<ctttefflt*£H8P 
[ 0 0 1 7 ] Xa ( 6 ) C0*^MS.Z/Xa ( 7 ) <OM*§ 

(Y 2 . 85 C e 0 . 05 Eu 0 . t ) A l 5 O n OiH^ 
WCli. *^?SJSt±9 0 O'C— 1 . 2 0 O'C. ^Ii.(f 

i. o oo°c, ffim&m&i , 2oo°c— i, 6oo . 

'C. MZttl. 5 OO'CT'J:^. *>M&t>'MiS<7>M2r£ 

nc/fl— l o'c/fl\ «iJf sxj/^-civ^. x 
a ( 6 ) eo*^$^jK«i. xa ( 7 ) outcasts© 

[ o o 1 8 ] xa ( 7 ) <r>mz\ «ass<vt«*^Bt« 

tc i^Soil7t3?ffl^.Cfcu-Cjtx;-rsc: ^„ 
seejfBWUi, ftS^S&#XXti#xigll*t'*^ 

/N 2 (5%/9 5%) 7kSS:l^a^O?l-^3t'S> 

T, afTt^ff^ i h . a&Q&AttA&tttc 1 3 

0 0*C— 1. 5 5 0t. i?£L<{il. 5 0 0-CT& 
0, S3C^HBKi*SWt=6— 18^0. PUtf 1 2^S 
X'tbh. 

[0019] *isw>«3ia»*wmw>fc»flofta:7 , n 
6 i . ( 2 ) &*&-£%£*tcj£s? 

3li"C. *}§?8£fE&.rk, (3) *JSiR^pH«&H 



c o o 2 o ] xa ( i ) x-mm-r^t-^mi. sm.com 

[ o o 2 i ] xa ( 2 ) -c«ffl-r**ii, if* L<ttSi 
s. 

[ o o 2 2 ] xa ( 3 ) ^mmz^m^taix. 

pHtt£7Xli**U:9fc±S<. HfiL<iilOXli 

[ o o 2 3 1 xa < 3 ) fljfaoj; 3 fc«sw>p h 
k *ii»fH± . y;i^>«««ejw* i 

ifiX'Zh. 

c o o 2 4 ] xa ( 4 ) T-ii, ffi»+-csfi^i»*ff a - 
p?as«4 o o'ctiT. mut3 o o'ct-?)-?.. 

[ 0 0 2 5 ] xa ( 5 ) Ti#4>^-i.* i ML^J!5c{i, xa 

( 6 ) <0WKHWt:»» (a»> -rsifcj^-c^s. 
[ o o 2 6 ] xa ( 5 ) <7>*HKs.t>'xa ( 6 ) cotms 

(Y 2 . 85 Ce 0 . 05 Eu 0 .,) Al.OuOiW* 
^c(i:, ^Miag«i9 0 0-C— 1 . 2 0 0°C, mtl£ 
1. 000*C, ^eaJKUl. 2 0 0°C~1, 600 
°C, Mitfl. SOO-CCJ:^. jHliRDf&a^Warfc 

ir/^1 0*C/*. Wiif SiC/^TJ:^. 
[ 0 0 2 7 ] xa ( 6 ) CO^T. «8SSilfef9*S:IIi: 

CTi.lfH 2 /N 2 ( 5%/9 5%) **aVS* 

SWCCl, 3 0 0*C~1. 5 5 01C. Wilfl. 50 0 
iCTftO. ®7craiASWtc6-18^. Witfl 

[ 0 0 2 8 ] xa ( 1 ) ^^JS^3t5ii^JOffi«5:l@t6 
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[0029] 4fc*«Wi. ^SSty^feMfAM 

Lr«TOCW4«MBI*5 r 'f*--Hfc, * (Y 
s-.-yZ.Eu,) A 1 5 O i2 X{S^ ( Y 3 Z, E Uy ) A 1 5 

(^;t0<xS0. 8, 0<ySl. 5T£>9, Z« 
a-DWA ( E u ) jy^#±Sfc&*;&» 0 

77t^y'A (Pr). ^-Jf^'A ( N d ) , ~y~?'J *?J* 
(Sm). -r^tr^-i. (Tb) . ^rov"?i (D 
y) . *;P5^A (Ho), x^b'^X. (Er) , >y»J 
W(Tm). -f y-fyUb^A ( Yb ) .RX^-rf-^A 
(Lu ) fcaptfiCfca*?**. 
C 0 0 3 0 ] at^^WMEt^^fiSHI^^^ 

;l/S^^A*'-$7 h«*B**JBfi8S*T, 5 8 5 n 
m~7 0 0 nmOa*c0jfU'>>''fe-^fe*^*fe^ 

[003 1] Witf-fc 'J ">Aat;a-D 
5^7h ^A7;l-S-W*'-^7 h9bH&5fa&»fcffs 
bixZ&fcfeX'l*^ 3 7 0nm-4 1 0 n mC0ifcfl?)"5]" 

ffc£HfiSS-ttT, 585nm~70 0nm^I/yyfe 

%-3:b*y?ft?)5e#it&$*u *<0BH$$ji, -fe'J^ 
ASrff irf fcJt— n b<7A<0^£ hf&&6&ifrC> 

h tzbb<r»l> 5 *b jg^SryP 5 *-te yxx^; h Mz 

3 7 0 n m~4 1 0 n mW^<7)^r«3tX 
fiS^K3ttJ:r>-CllS$-li:T. 585nm-700nra 

(x. y ) tcioTTKSfl&fe^feJgl^ 2o<7)7n^c73 



7 0nm-4 1 0 n m^fcll^r&arf L"C 

[ 0 0 3 2 ] m 1 -COL ^rn-fextcj: otffW; 
5$ (Y 2 . 85 Ce 0 . 05 Eu 0 . 1 ) Al 5 0 12 ^3^7h 
'J'>A7/l'S-'7A^-^7 h&ftfa<r>%Jl> 
X^; WK6 0 0nmt-|iai) 2r*L"C^5. CKT)/!^ 
5 ^-fcyx^; WHCifUf , 3 9 4nm««S^f 

H2(i. 3 94 nm^^^T'lie?^^ 
( Y 2 . bs C e o. 05 E u o. i ) A 1 5 O 12 i0^f >y t- U 

(CIE) i:i-iT193 1 ^(C56*^ t>tltz&%M<r)$Z 

#:<7)-g&g(0. 58 5 7, 0. 4 0 20) St/39 4 n 
mOfcft^ftO-fejg ( 0 . 173 8. 0. 0049) « 
*ii?1\&ARTSBt LX^ZixX&K). Z\ixhcr>&A 

k&Bt nmtzjim&Wiptix v m . la 3 -c^s «* 

-ti-OJ^^oT, 3 94 nmiO^iO^fc^fe^-? 
9 4 ± 5 n m ) £;Sfc£b-f &3&Si: LT^h^^r-f * 

~>xn&z.ttfx'%h. 

[0033] aTX'liMZmmLT . *«*S-3et=R* 

[0034] pa (mmmK&yv-tz.) 

(Y 2 .85^ eo. 05E Uq, 1 ) Ai50i2 

[Y (N0 3 ) 3 • 6H 2 0] (2. 6574 
gK [Al (N0 3 ) 3 -9H 2 0] (4. 5662 
S) . [Ce (N0 3 ) 3 ■ 6H 2 0] (0.0529 
g ) . at^ ( E u 2 0 3 ) ( 0 . 0 8 5 7g) £-ffc;^Si& 

r, ^m4"T5'c/^-c7)jii^jfflg-ci . 0 0 o-ctejiB* 

LT. ti>M*:'rt'>fz. 2 4TO^tC. 5"C/^<75^ai2 

[0035] A«Lfc»*S:»» LT SofftCAtU S 
m4>T'2 4 B#ratC^>Jt oT 1 , 5 0 0°CT-^M§^. 
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COO 3 6] j$mLfz®*.£MM^ H 2 /N 2 (5%/ 

95%) nmymmmzn^x \ . 5oo°c-ei 2n*ia 

[ 0 0 3 7 ] M2 ( y/Wfc7*n-fe* ) 
* (Y 2 . 85 Ce M5 Eu M ) A lsO^oajjfcfcafiW- 
Sfciftfc:. CY (NO,) 3 ■ 6H a O] (2. 6574 
gK [Al (N0 3 ) 3 -9H 2 0] (4. 5662 
g ) , [Ce(N0 3 ) 3 -6H 2 0] (0.0529 
g) . RV [Eu (NO,) 3 • 5H 2 0] (0. 104 

2g) zit^m.msx-m&Ltz. 2 <kk 

[00 38] =¥l/-Mfc#Jfc l/Ctf^x^KS:, 

[00 39] Ty^-TffiXl&X-f-UyiST $>C0£ 0 

zmmzymmizmtT . MmnpHmzmmLx 1 

0. 5iZLtc. 

[0040] 7jc*§?&£ 100 — 12 0'CiztmLX . f& 
[004 1] tttt?gffc£^fflLTyA'£rf^*:. 

3oo°ccjn»LT, y^<o^mmm^»tsm 

[0042] ■KOJKSrSoti'klAfu 5 °C/fl- 

«aeti , o o oxjfcjnjRL-c, unm^xm 

[0043] *-ML/i«3 v *S--?.o{l'tcAix. Sm+T'2, 
4 «HBUc:bfc-»-C 1,50 0*C?*9SS-frjfc. fcSMXS 

[0044]iM Lfc»*«:H«=. 1 2^Hac*>fco 
tl, 5 0 0TOH 2 /N 2 ( 5%/9 5%) <0il7C#H 

[00451 M3 (ftitTa-feX) 

4fctf>tC, [Y (NO,) 3 • 6H 2 0] (2. 6 5 74 
g) „ [Al (NO,), - 9HjO] (4. 5662 
g K [ C e ( N 0 3 ) 3 • 6 H 2 O ] (0.0529 
g) . RXf [Eu (NO,) 3 • 5H 2 0] (0. 104 
2g) Ztt.^&Wi&X'mizLtz. Zcr>taM&m£2<X%l 

*tc?gft? t X . £ »fc . 
[0 04 6] 7^-TSX(ixf uyy'TS J: 3 



0. 5(CL&. 

[0047] mmztmLxyjummz-fc*) , -eL-c© 

Ate i ->xh& Lta^f;^^. 
[0048] £<0£fe<oy;U-££^4'£i5^T 3 0 0*C 

[0049] SotifCAtU SEfc+fctiVvc 5 

"C/^jD^jSJ^-C'l . 0 0 0*C(=Jn»LT, #>#?£?t 

x-mttm&t x-ftm . 

[0050] *>«Lfc«**4oarcwi.. SSWC2 

4 Bflriafc: *> fc otl, 5 0 0 TTCflHSS . 
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